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We investigate theoretically the slow group velocity of a
pulse probe laser propagating through a cold sample and in-
teracting with atoms in a three-level Λ configuration having
losses towards external states. The EIT phenomenon pro-
duces very small group velocities for the probe pulse in pres-
ence of a strong coupling field even in presence of the pop-
ulation losses, as in an open three-level system. The group
velocity and the transmission of the pulses are examined nu-
merically as functions of several parameters, the adiabatic
transfer, the loss rate, the modification of the atomic velocity
produced within the cold sample. The conditions for a more
efficient pulse transmission through the cold atomic sample
are specified.
PACS: 42.50.Gy, 32.80.-t, 42.50.Vk
I. INTRODUCTION
In a a three level Λ system, with a central excited
level connected by electric dipole transitions to the two
ground ones, electromagnetically-induced transparency
(EIT) and reduction in group velocity are based on
the low-frequency coherence created by the laser radi-
ation [1,2]. One optical transition is driven by a strong
laser, denoted as coupling laser, and the second tran-
sition is driven by a weak laser, the probe one. The
probe laser absorption and dispersion are determined by
the modifications in the populations and in the coher-
ences produced by the coupling laser, and also by the
low-frequency coherence between the ground states cre-
ated by the simultaneous application of the coupling and
probe lasers. For the three-level atomic Λ configuration,
the absorption is decreased by the coherent trapping of
the population in the ground state [3]. The probe light
group velocity is greatly reduced by the very steep dis-
persion associated with the coherent population trapping
narrow resonance. Remarkable results for the reduction
of the group velocity in three-level systems were recently
reported in cold samples [4–6] as well as in samples with
thermal velocity distributions [7–9].
Often the real atomic transitions of quantum optics
phenomena do not correspond to the simple theoretical
models, and several multilevel atomic structures can be
described as open systems, i.e., systems where popula-
tion, whence coherent population trapping, is lost be-
cause of decay into sink levels not excited by the lasers.
Even if the open features of a multilevel system may be
eliminated through the application of a repumping radia-
tion to deplete the sink state [10], they play an important
role in most experiments. In this work we plan to inves-
tigate the propagation of slow light in an open atomic
system for the specific conditions of the cold atom ex-
periment by Lau et al [4]. We analyze a sample of cold
sodium atoms laser excited in an open Λ scheme starting
from two different hyperfine levels and with losses from
the excited state towards another ground state. The ex-
periment of [4] was performed with both a cold sodium
atomic sample and a sodium condensate. However the
atomic interactions are not included in our analysis [11].
The present work addresses several issues related to
the slow light propagation. Our main aim is to deter-
mine the role of the open three-level system losses on the
group velocity, probe pulse amplitude transmission and
transmission bandwidth. In an open three-level system,
any excited state occupation leads to a loss of the atomic
population towards atomic states not excited by the laser
light, whence to a modification of the slow light propaga-
tion. Our numerical simulations determine the laser pa-
rameters more appropriate to realize both efficient pulse
slowing and transmission. We have specifically investi-
gated if the STIRAP configuration [12,13] could be used
to reduce the role of the excited state occupation in an
open three-level system. In STIRAP the counterintuitive
coupling/probe pulse sequence with detuned lasers pro-
duces a very efficient coherent-state atomic preparation
from the initial ground state to the final ground state,
and decreases the role of the excited state occupation
with losses towards external levels. We have verified that,
even if the counterintuitive pulse sequence enhances the
probe pulse transmission, the EIT conditions for slow
light do not correspond precisely to those for the STI-
RAP process. We investigate also the influence of the
adiabatic transfer conditions [14] on the pulse transmis-
sion: a larger probe pulse amplitude transmission is ob-
tained for a larger temporal width of the probe pulse,
because that width modifies the adiabaticity condition.
The transmission of a slow probe pulse depends on the
decay rate of the coherence between the lower levels of
the Λ system. An efficient pulse propagation, i.e. a small
absorption coefficient, is obtained by reducing the coher-
ence decay rate. In a sample of room temperature atoms,
collisions and transit time are the main contributions to
that decay rate. We examine the influence of a coher-
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